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INTRODUCTION 
Zinc chloride i s  knwn to be an effective catalyst for coal hydrogenation and 

Weller e t  a l l  studied the batch hydrogenation of for  hydrocracking coal extracts. 
coal and found t h a t  zinc showed appreciable catalyt ic  act ivi ty  i n  the presence o f  
ammonium chloride. 
i n  a tin-ammonium chloride catalyst  w i t h o u t  appreciable loss of catalytic activity.  
Zielke e t  a1233 have studied the hydrocracking of coal, coal extracts and poly- 
nuclear hydrocarbons by molten s a l t  catalysts. They found zinc chloride t o  be an 
effective hydrocracking catalyst  for  polynuclear hydrocarbons , b u t  inactive for the 
hydrogenation or hydrocracking of single-ring aromatic molecules. Stannous Chlo- 
ride was relatively inactive for  hydrocracking although i t  i s  a good hydrogenation 
catalyst  for  coal. Zinc chloride and stannous chloride are both found t o  e good 
catalysts for  the hydrogenation of coal i n  a short-residence-time reactor.Q This 
study of the coal-zinc chloride system was ini t ia ted because of the potential use 
of zinc chloride as a catalyst  for  the large-scale hydrogenation of coal. 
present investigation covers the thermal behavior of the coal-zinc chloride system 
i n  the absence of hydrogen. 

They also found that  zinc could replace up t o  90% of the t in  

The 

EXPERIMENTAL 
Hiawatha, Utah coal was used i n  these experiments. This i s  a high volatile 

bituminous coal of 47% volat i le  matter (dry, ash free basis). The particle size 
was -60 + 100 mesh. 

MCB reagent grade zinc chloride was impregnated on the coal from aqueous 
solution. The coal was mixed with just  enough solution t o  thoroughly wet the coal 
and the mixture was dried for two hours a t  100°C i n  a vacuum desiccater. This was 
found t o  give a uniform distribution of the zinc chloride. 

Thermgravimetric analysis was performed on a Fisher TGA System. A Cahn model 
RG microbalance was used t o  measure weight changes. A Fisher model 360 temperature 
programmer was used t o  control the temperature. The temperature was programed a t  
a linear rate from 105 t o  900°C. Nitrogen gas flowed over the sample a t  a rate of 
0.2 l/min. Approximately ten milligrams'of sample were used i n  these experiments. 
Weight losses a r e  corrected for  the effect  of nitrogen gas flow and for a non-vola- 
t i l e  residue i n  the zinc chloride. 

Pyrolysis products were analyzed on a Packard model 7401 gas chromatograph. 
An eight foot column of activated alumina was used for separation and a flame 
ionization detector was employed. 

RESULTS AND DISCUSSION 

The integral and differential  weight losses of a sample of Hiawatha coal are 
shwn in Figure 1. The curves are corrected for  moisture, b u t  n o t  for  the ash 
content of the coal. The heating rate  I s  10°C/min. As zinc chloride is  impreg- 
nated on the coal, the thermograms are altered. The weight loss below 400°C 
increases due to  the loss of zinc chloride. The maximum in the differential weight 
loss curve is lcwered and the loss of weight by the coal i s  significantly reduced. 
Table I shws the ef fec t  of increasing amounts of zinc chloride. The effect  of the 
heating rate  i s  also shmn. The heating rate has l i t t l e  effect  on the weight loss 
of pure coal, b u t  increasing heating rates increase the weight loss of coal impreg- 
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TABLE I 
Thermogravimetri c Analys is  o f  Coal-Zinc Chlor ide 

Heat ing Rate,"C/Min. 

5 
5 
5 
5 
5 
5 
5 
5 

10 
20 
10 
20 

5 
5 
5 
5 

Weight % ZnC12 %Weigh t  Loss o f  Coal a t  900°C 

0 40.4 
2 36.9 
5 33.5 
8 30.6 

12 28.6 
15 26.5 
20 25.4 
25 25.2 
0 40.1 
0 40.7 

12 29.5 
12 30.1 
5 (Phys ica l  M ix tu re )  33.1 

12 (Phys ica l  M ix tu re )  29.7 
20 (Phys ica l  M ix tu re )  28.1 
25 (Phys ica l  Mix ture)  26.6 

nated w i t h  z i n c  ch lo r i de .  

another  Lewis acid, shms a s i m i l a r  e f f e c t ,  b u t  comparison i s  d i f f i c u l t  because 
of the g rea te r  v o l a t i l i t y  o f  aluniinum ch lo r i de .  
c a t a l y s t  f o r  coal hydrogenation b u t  chemical ly  d i f f e r e n t  from z i n c  c h l o r i d e ,  
shows t h e  s a w  e f f e c t  as z i n c  ch lo r i de .  A coal sample w i t h  5% SnCl impregnated 
from s o l u t i o n  shms  a weight  loss o f  32.9%. 
i s  reduced t o  27.2%, and w i t h  20% SnC12, the  weight  l oss  i s  on,ly 21.7%. 

h a l i d e s  by molten z i n c  ch lo r i de .  
b y  t r a n s f e r  o f  t he  h a l i d e  t o  t h e  ZnC12 t o  form a carbonium-ion and Z n _ C l j .  
h a l i d  s decreased t h e  a c t i v i t y ,  presumably by  fo rm ing  ZnC13 and ZnC14. Z i e l k e  

molecules t o  be H (ZnC13) o r  H'(ZnC12Otl ) fcrmed by t h e  r e a c t i o n  o f  ZnClp w i t h  
HC1 o r  w i t h  H 0. The p o s s i b l e  r o l e  of ZnClg i n  reducing the  v o l a t i l i t y  o f  coal 
was i n v e s t i g a f e d  by impregnat ing sodium c h l o r i d e  and z i n c  c h l o r i d e  on t h e  coal. 
The z i n c  c h l o r i d e  was h e l d  a t  12% b y  we igh t  o f  t h e  coal  and the sodium c h l o r i d e  
was 10, 20, 30 and 50% by  weight  o f  t h e  z i n c  ch lo r i de .  There was no d i f f e r e n c e  
i n  the weight  l oss  o f  coal i n  these samples and t h a t  o f  coal  w i t h  12% z i n c  c h l o r i d e  
When sodium c h l o r i d e  alone i s  impregnated on coal ,  t h e  weight  loss i s  t he  same as 
f o r  pure coal. 

z i n c  c h l o r i d e  onto the  coal. The thermal a n a l y s i s  r e s u l t s  are shown i n  Table I .  
The r e s u l t s  are s i m i l a r  t o  those f o r  impregnated samples although the  phys i ca l  
m ix tu re  i s  s l i g h t l y  l ess  e f f e c t i v e  i n  reducing v o l a t i l i t y  a t  h i g h e r  percentages. 

Analys is  o f  t he  gaseous p y r o l y s i s  product  was performed b y  gas chromatography. 
Methane i s  t h e  major  gaseous product  over  t h e  e n t i r e  temperature range. Ethane, 
propane, and butanes are produced i n  s i g n i f i c a n t  q u a n t i t i e s  b e l w  500°C. In com- 
p a r i n g  the  gaseous products from coal  w i t h  those from z i n c  ch lor ide- impregnated 
coal, very l i t t l e  d i f f e rence  i s  noted. The t o t a l  amount o f  gases i s  decreased i n  
t h e  presence o f  z i n c  c h l o r i d e  b u t  t he  composit ion o f  t he  gas i s  unchanged. 

Z i n c  bromide shows the  same e f f e c t  as z i n c  c h l o r i d e .  Aluminum c h l o r i d e ,  

Stannous c h l o r i d e ,  a good 

With 12% Sn C12, t he  w i i g h t  loss 

Kenney and Takahashi5 s t u d i e d  t h e  c a t a l y t i c  dehydrohalogenation o f  a l k y l  
They suggested t h a t  an i o n i c  complex i s  formed 

A l k y l  

e t  a1 5 postu la ted+the a c t i v e  species i n -hyd roc rack ing  o f  po l ynuc lea r  aromati c 

Coal and z i n c  c h l o r i d e  were p h y s i c a l l y  mixed r a t h e r  than impregnat ing the 
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Zinc chloride i s  a relatively stEong Lewis acid. Stannous chloride is  only 
a moderately active Lewis acid. 
Zn12 a* good catalysts f o r  coal hydrogenation i n  a short-resident time reactor. 
Ferric chloride, which i s  a Lewis Acid, did not show appreciable activity.  Stan- 
nous chloride was comparable t o  zinc chloride. 
rides such as CuC12, CrC13 and CdC12 show l i t t l e  catalyt ic  activity.  

not certain that zinc chloride and stannous chloride function by the same mechanism. 
The decreased volat i l i ty  of coal, caused by impregnating catalyst on the surface, 
appears t o  be a chemical effect  rather than a physical effect. Physical entrapment 
of reactive fragments from pyrolysis does not appear t o  be the major factor, since 
physical mixtures behave very nearly l ike impregnated samples and because impreg- 
nated sodium chloride is uneffective. Weller e t  a17 proposed a mechanism fo r  coal 
hydrogenation in which t i n  acts t o  s tabi l ize  reactive fragments w i t h  the addition 
of hydrogen. The zinc chloride also appears t o  s tabi l ize  reactive fragments i n  
this  study. In the absence of-hydrogen, these reactive fragmnts polymerize t o  
produce non-volatile products, thus  reducing the volati le content of the coal. 
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MEMBWSHIP IX ‘llliE DIVISION OF liUEL CHEMISTRY 

m e  ml Chemistry Division of the *ican Chemical Society is an internationally 
recognized farum for scientists, engineers, and technical economists concerned with 
the conversion of fuels  t o  energy, chemicals, or other farms of fuel. Its interests 
center on the  chemical pblerma, but definitely include the engineering and economic 
aspects as  w e l l .  
and water pollution, gasiflcation, and related areas. 

chemist, chemical engineer, geologist, technical economist, or other scient is t  
concerned w i t h  either the  conventional fo s s i l  Fuels, or the new high-energy fuels-- 
whether he be i n  government, industry, or independent professional organization-- 
would benefit greatly from participation in the progress of the Fuel Chemistry 
Division. 

, 

‘ 
Further, the Division is strengthening its coverage of areas of a i r  

! 

B e  Fuel Chemistry Division offers at leas t  two annual programs of symposia and gen- 
eral papers, extending over several days, usually at National Meetings of the American 4 
Chemical Society. These include the results of research, developaent, and snalysis in 
the many fielda relat ing t o  *le which are so vital in  today’s energy-dependent economy. 
Members of the Division have the oppartUnity t o  present papers of the i r  own, or partici- 
pate in discussions With experts i n  their field. 
Division pruvides a permanent record of a l l  of this m t e r i a l  in the form of preprints, 
which are sent f ree  t o  a l l  members several weebe before each meeting. 

Symposia of significant content and broad interest have been published as part of the 
Advances i n  Chemistry Series and by other sc ien t i f ic  book publishers. 
posia on Fuel Cells, Advanced Propellant Chemistry, Gasification, and Spectrometry are 
already i n  print. When these volumes are available they are usuaUy offered first t o  
Division members a t  greatly reduced cost. 

~n adaition t o  receiving several vol~naes of preprints each year, as w e l l  as regular 
news of Division ac t iv i t ies ,  benefits of Wmbership include: 
rates for %el” and ‘%csnbuation and Flame,” (2) Reduced rates for volumes i n  the 
“Advances i n  Chemistry Series” based on Division symposia, and (3) The receipt card 
sent i n  acknowledgment of Division dues is good for  $1.00 towmd a complete set of 
abstracts of all papers presented a t  each of the National be t inge .  

To jo in  the Pael Chemistry Division as a regular member, one must also be or become a 
member of the American Chemical Society. Those not e l igible  for  ACS membership because 
they are  not practicing sc ien t i s t s ,  engineers, o r  technical economists in areas re- 
lated t o  chemistry, can become Mvision Affiliates. They receive all benefits of a 
regular member except that they cannot vote, hold office, or present ather than imited 
ppers. 
l ibrary  sciences who must maintain awareness of the fuel area. 
act ive in  the  fuel  area and living outside of the United States a re  also invited to  
become Division Aff l l ta tes .  

Memberahip i n  the Fuel Chemistry Division coats only $4.00 per year, or $11.00 for 
three YcBz.8, I n  Saa+tion t o  ACS membership. 

Most important, the Fuel Chemistry 

i 
Undmark 8ym- 

(1) Reduced subscription 

Aff i l ia te  meriberahip is of‘ particular value t o  those i n  the information and f 
Non-ACS scient is ts  

The cost for a Division Affiliate, wi th -  
aut johing ACS, is $10.00 per year. For further infonuation write to: / 

Dr. Rsrold L. Lovell 
Secretary- Troaeurar 
ACS Divlsion of Fuel Chemistry 
Pennsylvania State University 
log Mynsral Induotrlas Buildla8 
University F’ark, Pennsylvania 16002 
Telephone: Area 814 - 8652372 
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